The copper(II) orotate complex with 2-aminoethylpyridine, [Cu(HOr)(aepy)(H 2 O)] · H 2 O, was synthesized and characterized by means of elemental and thermal analysis, magnetic susceptibility, IR and UV/vis spectroscopic, single crystal X-ray diffraction, and antimicrobial activity studies. The complex crystallizes in the triclinic system, space group P1, and the Cu(II) ion is five-coordinate with a distorted square-pyramidal coordination geometry. The aepy ligand and the orotate dianion behave as bidentate (N,N and N,O acid ) chelating ligands. The crystal structure is stabilized by intermolecular O-H···O and N-H···O hydrogen bonds, and the orotate ligand exhibits a double hydrogenbonding functionality. The new compound was found active against some gram (+)/(−) bacteria and yeast Candida albicans ATCC 10231, but there was no activity on Aspergillus niger.
Introduction
Vitamin B13 (orotic acid, H 3 Or) is an important uracil derivative as the effective precursor in the biosynthesis of uracil base of RNA in living organisms. In the last years, research in bioinorganic chemistry has revealed the important role of metal ions in most biological processes [1, 2] . Some metal orotate complexes 0932-0776 / 07 / 1200-1590 $ 06.00 © 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com have applications in curing certain syndromes involving metal ion and vitamin deficiencies and are promising as anticancer agents [3, 4] . It has also be reported that orotic acid and some of its derivatives have antimicrobial activity against microorganisms [5] .
The coordination chemistry of orotic acid has found major interest. The orotate anions H 2 Or − and HOr 2− behave as a polyfunctional ligands and coordinate to metal ions by means of their pyrimidine nitrogen atoms and carbonyl or carboxylate oxygen atoms. The most common coordination mode of HOr 2− is ligation through a deprotonated nitrogen atom of the pyrimidine ring and a carboxylate oxygen atom so forming a five-membered chelate ring [6 -11] In this paper we present the synthesis, spectral and thermal characterization, crystal structure, and antimicrobial activity of a new aqua(2-aminoethylpyridine)-orotatocopper(II) hydrate complex 1.
Results and Discussion

Preparation of the complex
The complex was prepared as described in the Experimental Section.
Magnetic susceptibility and UV/vis and IR spectrum
The Cu(II) complex 1 exhibits a magnetic moment value of 1.68 BM, which corresponds to one unpaired electron. The electronic spectrum of the Cu(II) complex in H 2 O shows an absorption band at 564 nm (ε = 14 L mol −1 cm −1 ), assigned to the a 1 → b 1 d-d transition. The absorption bands below 350 nm are due to intra-ligand transitions. Selected IR bands of the complex are listed in the Experimental Section.
Thermal analysis
The thermal decomposition of complex 1 was followed up to 600 • C in a static air atmosphere (Fig. 1) . The first stage between 99 and 137 • C is related to the release of both coordinated and crystal water molecules with an endothermic effect (DTA max = 112 • C, mass loss found 10.22 %, calcd. 9.58 %). The second stage in the temperature range 257 -296 • C has several consecutive steps related to the loss of the aepy ligand. The experimental mass loss of 32.41 % agrees well with the calculated mass loss of 32.51 %. The solid residue consisting of mainly Cu 2+ HOr 2− decomposes between 297 and 472 • C with an extremely exothermic DTA peak at 455 • C to give a black endproduct of CuO (found 80.03 %, calcd. 78.83 %).
Crystal structure
The details of the crystal structure solution are given in Table 1 , selected bond lengths and angles and hydrogen bonding geometries in Tables 2 and 3 , respectively. The crystal structure of the complex is presented in The crystal water molecules form intermolecular hydrogen bonds with the carboxyl atom O3 of HOr 2− and the amine hydrogen atom (N-H4B) of the eapy molecule with a pattern R 4 4 (8) in Etter's notation [16] . The orotate ligand is hydrogen-bonded to a symmetry-related orotate ligand through N2-H2···O1 i and N2 i -H2 i ···O1 forming a DA:AD dimer (R 2 2 (8) [16] . There are also H-bonds between the aqua ligand and the carbonyl oxygen atom O2 of the orotate ligand. Furthermore, there are weak π-π interactions between the pyrimidine and Thus, individual molecules are held together by hydrogen bonds and aromatic π-π stacking interactions, forming a structure with three-dimensional character (Fig. 3) . 
Antimicrobial activity
Experimental Section
Preparation of the complex
A solution of aepy (0.61 g, 5 mmol) in water (10 mL) was added dropwise with stirring to a mixture of orotic acid monohydrate (0.87 g, 5 mmol) and Cu(CH 3 COO) 2 (0.45 g, 2.5 mmol) in distilled water (20 mL). The solution was heated to 50 • C in a temperature-controlled bath and stirred for 2 h at 50 • C. Then the reaction mixture was cooled to r. t. The blue crystals were filtered, washed with 10 mL each of cool distilled water and acetone, and dried in air. 
Materials and measurements
All chemicals were purchased as analytical grade. The IR spectrum was obtained with a Bruker Tensor 27 FT-IR spectrometer using a KBr pellet for the 4000 -400 cm −1 range. Elemental analyses for C, H and N were performed using a Carlo Erba 1106 microanalyzer. The magnetic susceptibility measurement at r. t. was performed using a Sherwood Scientific MXI model Gouy magnetic balance. The UV/vis spectrum was obtained for an aqueous solution of the complex (10 −3 M) with a Unicam UV2 spectrometer in the range 900 -190 nm. A Perkin Elmer Diamond TG/DTA thermal analyzer was used to record simultaneous TG, DTG and DTA curves in static air atmosphere at a heating rate of 10 • C min −1 in the temperature range 20 -1000 • C using platinum crucibles.
Crystallographic analysis
Single crystal X-ray data were collected on a Stoe X-AREA diffractometer using monochromated MoK α radiation at 296 K. The structure was solved by Direct Methods and completed by Fourier methods. The program used for cell refinement was Stoe X-AREA [18] , for solving and refining the structure SHELXS/L-97 [19] . Molecular graphics: ORTEP-III for Windows [20] . Software used to prepare material for publication: WINGX [21] publication routines. Further details concerning data collection and refinement are given in Table 1 .
Antimicrobial activity studies
The were spread on solid nutrient agar surfaces by using a sterile glass rod. The final inoculation (inoculums) was approximately 10 5 cfu mL −1 . Absorbent paper discs of 6 mm were placed on agar surface and impregnated with known concentrations (400, 1000 and 1500 µg for each disc) determined previously by MIC tests. To ensure that the solvent had no effect on bacterial growth, a control test was performed with a test medium supplemented with DMSO following the same procedures as used in the experiments. Incubation was done at 37 • C for 24 h after inoculums. Antimicrobial activity was indicated by the presence of clear inhibition zones and cloudiness around the discs, the diameters being measured in millimeters. All tests were repeated three times and average data taken as final result.
Supplementary material
CCDC 647824 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
